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TO STUDY THE EFFECTIVENESS OF MAITLAND MOBILIZATION AND CLINICAL 
EXERCISE vs MAITLAND MOBILIZATION ALONE IN CHRONIC TIBIOFEMORAL 
ARTHRITIS 
ABSTRACT 
BACKGROUND: Osteoarthritis (OA) is a common, progressive degenerative health 
problem among adults. The term osteoarthritis was first introduced by John K 
Spender in 1886, England. 
OBJECTIVE:  To compare the effect of Maitland mobilization with clinical exercise 
(group A) VS Maitland mobilization alone (group B) in terms of pain, ROM, muscle 
power and functional activities in chronic tibio-femoral arthritis 
METHODOLOGY: Group A(n= 15) receive Maitland Mobilization & Clinical Exercise 
(include stretching, strengthening, range of motion exercise) and Group B (n=15) 
receive Maitland Mobilization alone (include accessory & physiological movement). 
Both group received treatment for about 4 weeks. 
RESULT: By comparing the effectiveness of each treatment with respect to all 
standard measures, we see that the treatment "Maitland Mobilization with Clinical 
Exercise" is more effective or the "Maitland Mobilization" is effective in terms of 
Pain,ROM,Muscle Power and function. 
KEYWORDS: Tibiofemoral arthritis , Maitland mobilization, Clinical exercise. 
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1. INTRODUCTION: 
Osteoarthritis (OA), is a chronic degenerative disorder of multifactorial etiology.
1
It is a 
progressive disorder of the joints characterised by degradation of the articular cartilage, 
resulting in an alteration of its biomechanical properties.
2 
This contributes to a focal loss of 
articular cartilage, loss of joint space, osteophyte formation, focal areas of synovitis, 
periarticular bone remodelling and subchondral cysts.
3
  Prevalence -of osteoarthritis is 22% - 
39% in India
1
 
.
  
At the knee  presence  of  osteoarthritis may result in changes that accelerate the deterioration  
of  systems or compound the effects of ageing.
2,4 
This condition is strongly age related 
heterogeneous group of disorders in synovial joint being less common before 40 years, but 
rising in frequency with age
(6)
. Medial compartment osteoarthritis (OA) is more frequent than 
lateral compartment (OA) and commonly follow damage to the meniscus and cartilages.
(7) 
At 
the knee joint, soft tissue changes can include decreases in the strength of the quadriceps and 
sagittal range of motion, as well as increased soft tissue contracture. Collectively these 
changes produce the typical clinical picture of joint pain; worsening symptoms with activity 
and weight bearing, and stiffness developing at rest. These facilitate the decline in physical 
function and progression of disability.
3 
 
Figure. : 1. Osteoarthritis of knee
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There are various changes associated with in osteoarthritis they are
(25) 
o Loss of joint space (due to destruction of articular cartilage) 
o Sclerosis (due to increase cellularity and bone deposition) 
o Subchondral cysts due to synovial fluid intrusion into the bone 
o Osteophytes ( revascularization of remaining cartilage and capsular traction ) 
 
The relationship between joint pain and declines in muscle strength are beginning to be 
recognized as more complex than simply disuse because of joint pain contributing to muscle 
atrophy and muscle weakness surrounding joints.
(9),(10) 
 
Maitland, Kaltenborn, Cyriax, and Mulligan are some very well-known manual therapists, 
who have contributed in the field of manual therapy.  Maitland and Kaltenborn present 
different sets of widely employed manual therapy techniques for treating pain and stiffness in 
human joints. 
 
Mobilization is a gentle oscillating movement of the articular surface of the joint that can 
relieve pain and improve joint range of motion by neuro physiological or mechanical 
mechanism or combination of neuro physiological and mechanical mechanism.
(11) 
Various studies on manual therapy techniques based on, passive physiological and accessory 
joint movements and soft tissue mobilisation were administered to the lumbar spine, hip and 
ankle were symptomatic and contributing to overall lower limb dysfunction patients reported 
20% to 40% relief of symptoms in two or three clinical treatment sessions, they concluded 
that manual physical therapy techniques and exercises yields functional benefits for 
osteoarthritis patients.
(24) 
Joint mobilization which involves low velocity passive movement within or at the limit of 
joint range of motion reduces pain by modulating the Nervous tissue and joint motion.
(12),(13) 
Several studies proved that mobilization techniques plays important role in improving pain, 
strength and functional performance in OA knee.
10 
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For the treatment of pain and motion impairment, application of joint mobilization has been 
utilized by a variety of healthcare professional in both the spine and peripheral joints. 
However, most of these research studies are used technique for the spine and upper extremity, 
with less evidence for the efficacy of mobilization to the lower extremity.
(8) 
Recent study concluded that physical therapy interventions including manual therapy 
(maitland mobilization) and exercises improves muscle strength, functional ability and 
reduces pain in patients with OA of knee. It may therefore  reduce the need for knee 
arthroplasty and intra-articular injections.
 11
  
Joint mobilization include antero-posterior (AP) glide of tibia on femur in all direction 
technique of application were based on guidelines.
(12),(13)
Mobilization of tibio-femoral joint 
resulted in significantly increased pressure pain threshold and reduced timing on the 3minute  
timed “Up and Go” walk test.(14) 
Osteoarthritis of knee can cause functional disabilities, reduced lower limb muscle strength 
and  several studies have suggested that knee extensor, knee flexor‟s muscle strength  both 
lost with established symptomatic osteoarthritis.
(20),(21) 
Active and passive range of motion exercise is considered an important part of rehabilitation 
program for patients with osteoarthritis.
(17),(18),(19)
Fitness walking, aerobic exercise and 
strength training have all been reported to result in functional improvement in patient with 
osteoarthritis.
(15),(16)
.A variety of exercise program for knee Osteoarthritis have been 
described its focus on improving quadriceps strength.
(22),(23) 
Previous studies has no evidence of use of such manual mobilization technique in Tibio-
femoral osteoarthritis. Maitland mobilization technique include accessory movement like 
Distraction, Anteroposterior glide, Posteroanterior glide, Medial glide, Lateral glide and 
Physiological movement like Extension abduction and extension adduction. These were not 
applied to lower extremity condition like Osteoarthritis for improving in pain, ROM etc. 
hence the objective of the present study is to highlight the efficacy of Maitland mobilization 
technique in the management of degenerative joint condition like Osteoarthritis in the Indian 
population. 
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2. OBJECTIVES OF THE STUDY:  
  
 To study the effect of Maitland mobilization with clinical exercise in terms of 
Pain, Range Of Motion, Muscle Power and Functional Activities in tibio-femoral 
arthritis. 
 
 To study the effect of Maitland mobilization alone in terms of Pain, Range Of 
Motion, Muscle Power and Functional Activities in tibio-femoral arthritis. 
 
 To compare the effect of Maitland mobilization with clinical exercise (group A) 
VS Maitland mobilization alone (group B) in terms of Pain, Range Of Motion, 
Muscle Power and Functional Activities in tibio-femoral arthritis. 
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3. HYPOTHESIS: 
 
 NULL HYPOTHESIS: 
 There is no significant difference between group A (Maitland mobilization & Clinical 
exercise) and group B (Maitland mobilization alone) in Tibio-femoral arthritis. 
 
 ALTERNATE HYPOTHESIS: 
 There is a significant difference between group A (Maitland mobilization & Clinical 
exercise) and group B (Maitland mobilization alone) in Tibio-femoral arthritis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 6 
 
4. OPERATIONAL DEFINITION: 
4.1  OSTEOARTHRITIS: 
Osteoarthritis(OA) also known as degenerative arthritis or degenerative joint disease or 
Osteoarthrosis is a group of mechanical abnormalities involving degradation of joints, 
including cartilage and subcondylar bone. 
4.2 GONIOMETER: 
Goniometer is a device used in physical therapy to measure the range of motion around the 
joint in the body. 
4.3 WOMAC SCALE : 
WOMAC Western Ontario and McMaster Universities Osteoarthritis Index is used to assess 
pain, stiffness, physical function in patients with hip and knee osteoarthritis. It consists of 24 
items and 3 subscales. 
4.4 NUMERICAL PAIN RATING SCALE : 
              The NPRS (NRS – 11) is an 11- point scale for patients self reporting pain. It is 
for adults and children 10 years old (or) older. 
 
RATING PAIN LEVEL 
      0 No pain 
    1-3 Mild pain (nagging, annoying, interfering little with ADL‟s) 
    4-6 Moderate pain (interferes significantly with ADL‟s) 
    7-10 Severe pain (disability, unable to perform ADL‟s) 
 
4.5 MAITLAND MOBILIZATION: 
Maitland mobilization is a technique that involves the application of passive and accessory, 
oscillatory movements to peripheral joints to treat pain and stiffness of a mechanical nature. 
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5. REVIEW OF LITERATURE: 
 
1. Nor Azlin M.N conducted a study to determine the effects of passive joint 
mobilization on pain and stairs ascending-descending time in subjects with knee 
osteoarthritis (OA knee). The addition of passive joint mobilization to conventional 
physiotherapy reduced pain but not stairs ascending-descending time among subjects 
with knee osteoarthritis.
(26) 
 
2. Gail D.Deyle they conducted a study to find the effectiveness of manual physical 
therapy and exercise in osteoarthritis of the knee. Clinically and statistically significant 
improvements in 6-minute walk distance and WOMAC score at 4 week.
(31) 
 
3. DA Skyba in his study on Joint manipulation observed reduced hyperalgesia by 
activation of monoamine receptors but not opioid (or) GABA receptors in the spinal 
cord. He concluded that anti hyperalgesia produced by joint manipulation appears to 
involve descending inhibitory mechanism that utilize serotonin & Noradrenaline which 
inhibit transmission of nociceptive information resulting in pain relief.
(34) 
 
4. Wright, Vicenzino 1995 suggested that manipulation induce analgesia may be a 
multifactorial effect resulting from beneficial influence in chemical environment of 
peripheral joints, facilitation of tissue repair processes, segmental inhibitory processes 
within the central nervous system and activation of descending inhibitory pathway 
projecting from brain to spinal cord.
(35) 
 
5. Sara Maher examined the effectiveness of manual traction mobilization.  A 
combination of manual physical therapy and supervised exercise yields functional 
benefits for patients with osteoarthritis of the knee and may delay or prevent the need 
for surgical intervention.
(28) 
 
6. Penny Moss et al investigated the initial effects of accessory knee joint mobilization 
on measures of pain and function in individuals with knee osteoarthritis. The effects of 
a 9-min, non-noxious, AP mobilization of the tibio-femoral joint were compared with 
manual contact and no-contact interventions. Knee joint mobilization also increased 
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Pain Pressure Threshold at a distal, non-painful site and reduced „up and go‟ time 
significantly. It may therefore be an effective means of reducing pain local and 
widespread hypoalgesic effects.
(29) 
 
7. Gail D Deyle et al conducted study find out the Physical Therapy Treatment 
Effectiveness for Osteoarthritis of the Knee in a Randomized Comparison of Supervised 
Clinical Exercise and Manual Therapy Procedures Versus a Home Exercise Program. 
This study concluded that there is significant improvement after following one year 
regular home exercise program.
(36) 
 
8. J Haxby Abbott et al conducted study factorial randomized controlled trail on 
exercise therapy, manual therapy, or both, for osteoarthritis of hip or knee concluded 
that manual therapy and exercise intervention is effective.
(37) 
 
9. Marlene Fransen concluded that physical therapy is effective for patients with 
osteoarthritis of knee. Suggested that both individually delivered treatment or in 
combination of small group format is an effective for patient with OA knee.
(32) 
 
10. G.K.Fitzgerald concluded that the therapeutic exercise has the major functional 
influence outcome in improving the functional outcome in knee rehabilitation
(27)
. 
 
11. Marlene fransen, Sara McConnell conducted study on Exercise for osteoarthritis 
of the knee. They concluded that therapeutic exercise has at least short term benefit in 
terms of reducing knee pain and improved physical function for people with knee 
OA
(38)
. 
 
12. KIM L.Bennell et al conducted a review of the clinical evidence for osteoarthritis 
of hip and knee, conclude that exercise is key component management for 
osteoarthritis
(39)
. 
 
13. Mariatte J Jansen conducted study on strength training alone, exercise therapy 
alone, and exercise therapy with passive manual mobilisation each reduce pain and 
disability in people with OA knee. To achieve better pain relief in patients with knee 
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osteoarthritis physiotherapist or manual therapist might consider adding manual 
mobilisation to optimize supervised active exercise programs
(33)
. 
 
14. Robert Topp RN et al conducted study the effect of dynamic versus isometric 
resistance training on pain and function among adults with osteoarthritis of knee 
concludes that dynamic or isometric resistance training improves functional ability and 
reduce pain on osteoarthritis
(40)
.  
 
15.Neil A. Segal et al conducted study to find the effects of quadriceps strength and 
proprioception on risk for knee osteoarthritis this study conclude that quadriceps 
strength protected against incident symptomatic but not radiographic knee osteoarthritis 
finally suggest that strength is more important than joint proprioception in mediating 
risk for knee osteoarthritis
(41)
. 
 
16.M E Van Baar et al conducted study on effectiveness of exercise in patients with 
osteoarthritis of hip and knee this study concludes that exercise is effective in 
Osteoarthritis knee patients however these effects decline over time and finally 
disappear
(42)
.  
 
17. LucieBrosseau recommendations of clinical benefit were developed for therapeutic 
exercises, especially strengthening exercises and general physical activity, particularly 
for the management of pain and improvement of functional status. Manual therapy 
combined with exercises also is recommended in the management of patients with OA. 
The Ottawa Panel recommends the use of therapeutic exercises alone, or combined with 
manual therapy, for managing patients with OA. The Ottawa Panel recommends the use 
of therapeutic exercises because of the strong evidence
(43)
. 
 
18. Brain T maurer conducted study on osteoarthritis of the knee isokinetic quadriceps 
exercise versus educational intervention however results found that  isokinetic exercise 
is an effective form of treatment  than that of the education intervention
(44)
. 
 
19. Ferraz MB et al - conducted study on reliability of pain scales in the assessment of 
literate and illiterate patients and founded that Numerical Pain  Rating Scale has higher 
reliability
(45)
. 
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20. Gillian A. Hawker et al (2011) - The study conducted as, Measures of Adult pain.  
The study concluded as, the pain scale NPRS is easy to administer and score
(46)
. 
 
21. Erin E Krebs et al - conducted study on Accuracy of Pain numeric rating scale as a 
screening test in primary care. Most commonly used measure for pain screening may 
have only modest accuracy for identifying patients with clinically important pain in 
primary care
(47)
. 
 
22. Maria Alexandra Ferreira-Valente Numerical Rating Scale (NRS) are among the 
most commonly used measures of pain intensity in clinical and research settings. The 
current study compared the relative validity of NPRS for detecting differences in 
painful stimulus intensity and differences between men and women in response to 
experimentally induced pain.Results showed statistically significant differences in pain 
intensity between temperatures for each scale, with lower temperatures resulting in 
higher pain intensity
(48)
. 
 
23.Ellen Flaherty et al (2012) - The study conducted as, pain Assessment for older 
adults. This study concluded as, the most popular tool NRS ask the patient to rate their 
pain
(49)
. 
 
24. American thoracic society- NPRS is a valid scale for chronic pain measures
 (50)
. 
25. Jules M Rothstein et al, 1983conducted study on Goniometric  reliability in a 
clinical setting: Elbow and Knee Measurements. This study indicates Goniometric 
measurements performed in a clinical setting can be highly reliable
(51)
. 
 
26. Prem P Gogia, James H. Braatz et al, 1987 conducted study on Reliability and 
Validity of Goniometric measures at the knee. They concluded that goniometric 
measurements of knee joint are both valid and reliable
(52)
. 
 
 
27. K.G.Auw Yang et al WOMAC function scale is valid, reliable and responsive 
alternative to the traditional WOMAC in the evaluation of patient with osteoarthritis of 
the knee
(53)
. 
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28. N.Bellamy et al conducted study on the WOMAC knee and hip osteoarthritis 
indices. Development validation, globalization and  influence on the development 
Auscan hand osteoarthritis indices concluded WOMAC  and Auscan indices health 
status measurement questionnaire that are valid, reliable, responsive, easy to complete 
and multiple language forms and scaling format
(54)
. 
 
29. Varsha C. Naik, JebaChitra, SubhashKhatri 
64 
They showed in their studies that 
Pain, mobility and function significantly improved with Maitland‟s and Mulligan‟s 
mobilization technique. Mulligan‟s technique was found better for pain relief, his 
concept of pain reduction proposed that a major positional fault of joint may occur 
following an injury or strain, resulting in movement restriction and pain. Maitland‟s 
mobilization technique was found effective in active and passive wrist flexion. 
30. Paul A van den Dolder and David L Roberts 
65 
Did a  randomized, controlled 
trial study and demonstrated that six sessions of manual therapy to the lateral aspect of 
the patella-femoral joint results in significantly greater improvement in active knee 
flexion and the ability to step up/down a step in people with anterior knee pain than 
does no intervention. 
31. Salaffif, leardiniG et al 
66
A reliability and validity study on Western Ontario and 
Mc master universities osteoarthritis Index  in patients with osteoarthritis of knee, 
concludes that WOMAC is a reliable and valid instrument for evaluating the severity of 
osteoarthritis of knee.
  
 
32.  Cynthia C norkin Joyce white
 67
   
A study presented that intratester reliability was better than intertester in universal 
Goniometer in measurement of knee Range of motion, hence indicating that the 
measurement should be taken by the same therapist. 
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6. DESIGN AND METHODOLOGY : 
 
6.1  STUDY DESIGN:- 
Experimental study design  
6.2  STUDY SETTING:- 
The study was conducted in the Department of physiotherapy, Jaya college of physiotherapy, 
Chennai. 
6.3  SOURCE OF DATA:- 
                               Data was collected from outpatient department of Jaya College of 
Physiotherapy, Chennai. All subjects were clinically diagnosed as Tibio – Femoral 
Osteoarthritis and referred for physiotherapy. Patients were selected based upon who fulfilled 
the inclusion criteria. The purpose of the study was explained to all subjects and Informed 
consent was obtained from each subject was taken. The subjects were randomly assigned into 
either of Maitland Mobilisation with clinical exercise (Group A) or Maitland mobilisation 
alone (Group B). 
 
6.4  SAMPLE SIZE:- 
A Total of 30 subjects fulfilled the inclusion criteria are randomly assigned as  
Group A (n= 15; 6 Male, 9 Female) received Maitland Mobilisation & Clinical Exercise 
(include stretching, strengthening, range of motion exercise) 
Group B (n=15; 5 Male, 10 Female) received Maitland Mobilization alone (include accessory 
& physiological movement) 
 
STUDY DURATION:  
Total duration of 4 weeks was adopted for this study. 
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TREATMENT DURATION: 
3 Sitting per week for 4 weeks. 
The subjects in both the groups received physical therapy thrice weekly for a period of 4 
weeks.  
6.5  SAMPLING CRITERIA 
6.5.1  INCLUSION CRITERIA: 
 Clinical diagnosed as OA knee (tibio-femoral joint) patient. 
 Age group between 40 and 70 years. 
 Unilateral involvement of osteoarthritis. 
 Both male and female. 
 Those who are willing to participate in the study and willing to take treatment  
6.5.2   EXCLUSION CRITERIA: 
 Patellofemoral arthirits. 
 Recent surgery 
 Rheumatoid arthritis. 
 Recent fracture in the lower limb. 
 Recent ligament injury. 
 Osteophytes. 
6.6  METHODOLOGY:- 
   A total of 40 subjects referred for OP department of Jaya college of physiotherapy, Chennai 
with knee pain. The subjects were clinically diagnosed as Tibio-femoral osteoarthritis and 
they are selected based on the inclusion and exclusion criteria. In which 30 patients fulfilled 
the inclusion criteria and on that 10 subjects were excluded as they were not willing to 
participate in this study. The purpose of the study was explained to all subjects and consent 
from each subject was taken. All subjects were assessed using a special Performa. Subjects 
were randomly assigned into either Maitland Mobilisation with clinical exercise (Group A) or 
Maitland mobilisation alone (Group B). 
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6.7  MATERIALS USED: 
 Treatment Couch 
 Pillow  
 Goniometer 
 NPRS Pain Scale 
 WOMAC scale 
 ROM chart 
 Muscle power grading (MRC) 
 Evaluation form  
 Patient consent form. 
 
Figure. : 2.   TREATMENT COUCH 
 
Figure. : 3.   GONIOMETER 
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6.8   PROCEDURE: 
Total of 30 subjects were selected for the study who were clinically diagnosed as 
osteoarthritis. simple random sampling technique was used in the allocation of subjects into 
Group A & Group B. 
Group A: 15 subjects were allocated in the Group A(Maitland mobilisation with clinical 
exercise) 
Group B: 15 subjects were allocated in the Group B (Maitland mobilisation alone) 
Following pre treatment clinical examination including pain score by using NPRS scale, 
muscle power for quadriceps by using manual muscle testing, active ROM and passive ROM 
using universal goniometry and WOMAC score consists 24 questions designed to measure 
patient perception of pain, stiffness, and physical function 
GROUP A: 
MAITLAND MOBILIZATION  
A) Accessory movements : 
1 . DISTRACTION : 
Patient starting position: Supine, knee in extension (or pain-free position). 
Therapist starting position: Standing level with the patient's knee, facing across the patient's 
body. 
Technique: tibia is distracted away from the femur. 
 
Figure. : 4.   DISTRACTION 
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2 . ANTEROPOSTERIOR GLIDE : 
 
 Patient starting position: 
Supine lying with the foot resting on the couch so that the knee is flexed to approximately 
70° or to its available limit.  
 
Therapist starting position: 
Standing by the patient's right ankle, right lower leg resting on the couch  the patient's foot is 
in stabilized  position. 
 
Technique: 
large or small amplitude force applied a pressure against the upper end of tibia in 
anteroposterior view. 
 
 
 
Figure. : 5.   ANTERO POSTERIOR GLIDE 
 
 
3 . POSTEROANTERIOR GLIDE : 
 
 Patient starting position: 
Prone, lying with the knee flexed to approximately 70° or at the available limit  
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 Therapist starting position: 
Standing by the side of the patient beyond the flexed knee and facing the patient's head; the 
left tibia rests on the couch, the therapist's knee is fully flexed so that the upper thigh supports 
across the patient's distal shin. 
 
Technique: The stretching oscillatory movements are produced by the therapist's arms and 
body acting through the thumbs. Pressure exerted on the posteroanterior view. 
 
 
Figure. : 6.   POSTERO ANTERIOR GLIDE 
 
 
 
4 . MEDIAL GLIDE AND LATERAL GLIDE : 
 
 Patient starting position: Supine lying position, hip and knee flexed accordingly and the 
foot resting on the couch. 
 
 Therapist starting position: Standing level with the patient's foot facing the patient's head. 
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Technique: The therapist leans forward and extends both wrists so that both forearms are 
directed parallel to each other force are applied to the fixed direction side in laterally / 
medially. 
 
 
 
 
Figure. : 7.   MEDIAL AND LATERAL GLIDE 
 
 
B) Physiological Movements: 
 
1 . EXTENSION AND ABDUCTION : 
 
 Patient starting position: Supine lying in the middle of the couch. 
 
Therapist starting position: Standing by the patient's right thigh facing the feet, kneeling on 
own left shin to support under the lower end of the patient's femur with the left thigh. When 
the patient's knee is flexed, the therapist's left thigh also moves to the patient's calf. 
 
Technique: when the heel of the left hand is against the femur with a strong abduction force 
the femur will tend to move slightly medially on the tibia during extension/abduction. 
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2 . EXTENSION AND ADDUCTION: 
 
Patient starting position: Supine lying in the middle of the couch. 
 
Therapist starting position: Standing by the patient's right thigh facing the feet, kneeling on 
own left shin to support under the lower end of the patient's femur with the left thigh. When 
the patient's knee is flexed, the therapist's left thigh also moves to the patient's calf.  
 
Technique: when the heel of the left hand is against the femur with a strong adduction force 
the femur will tend to move slightly laterally on the tibia during extension/adduction. 
 
CLINICAL EXERCISE 
 
A. Stretching exercise will be given to Calf, Hamstring, Quadriceps. Each stretch will be 
sustained for 30seconds for 3 session per day. 
 
B. Strengthening exercise include 
1.Partial squat: perform partial squat keeping the knees centred over the feet, return to 
normal position by contracting gluteus muscle, quadriceps muscle and hold for 3 seconds 
each contraction, repeat it for 30 seconds, three times per week. 
               
Figure. : 7.  PARTIAL SQUATS 
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Figure. : 8    STEP UP 
 2 .Step up: The foot of the involved limb placed  on step & bring body over foot to stand on 
the step use little push off assistance from contralateral foot, step down with contralateral foot 
& repeat for 3 seconds for three times per week. 
 
C .Range Of Motion exercise includes, 
Knee in mid flexion to full extension and hold it for 3 seconds at end range once per day. 
Knee in mid flexion to full flexion and hold it for 3 seconds at end range once per day. 
 
GROUP B 
 
MAITLAND MOBILIZATION ALONE 
This group receives the Maitland Mobilization in both physiological and accessory 
movements. 
After 4 weeks, subjects from both the group had undergone post treatment assessment of 
pain, muscle power, active ROM, passive ROM, and WOMAC score. 
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7.  DATA  ANALYSIS  & STATISTICS : 
 
7.1  Statistical  Methodology : 
In this study, the sample data includes both categorical (or nominal) and scale (or 
quantitative) variables. Both descriptive statistics and inferential statistics (i.e., hypothesis 
tests) have been performed to analyze the sample data. 
In this study, two hypothetical tests have been conducted to test our hypothesis and those 
tests are: 
(i) Paired Samples t-test, and 
(ii) Independent Samples t-test 
These two tests are performed at 5% level of significance. That is, α = 5% or 0.05 
 Paired Samples t-test: 
Hypotheses: 
Null hypothesis, H0: d  = 0 
(That is, there is no significant mean change in a standard measure between two treatments 
 
Alternative hypothesis, H1: d ≠ 0)  (Two-tailed test) 
(That is, there is significant mean change in a standard measure (such as NPRS) due to 
Treatment 1 or due to Treatment 2) 
 
Let the level of significance be α = 0.05 
 
Test Statistic: 
In order to test the above hypothesis, it is appropriate to use Paired Samples t-test and the 
corresponding test statistic is given below: 
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Where, d  = Mean of the differences of sample; d = X2 – X1 = Post Test Score – Pre Test 
Score; Sd = Standard error of the difference; and d  = Population Mean difference to be 
tested 
 
In order to test the effectiveness of each treatment separately, the Pre-test and Post-test scores 
for each standard measures have been considered and then a Paired t-test has been performed 
with these Pre and Post-test scores separately for each treatment. 
 
 Independent Samples t-test: 
Hypotheses: 
Null hypothesis, H0: µ1 = µ2 
(That is, there is no significant difference between two groups (such as Group A and Group 
B) with respect to the changes in corresponding mean scores of standard measures (such as 
NPRS) 
Alternative hypothesis, H1: µ1 ≠ µ2 (Two-tailed test) 
(That is, there is significant difference between two groups (such as Group A and Group B) 
with respect to the changes in corresponding mean scores of standard measures (such as 
NPRS) 
Test Statistic: 
In order to test the above hypothesis, it is appropriate to use Independent Samples t-test and 
the corresponding test statistic is given below: 
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Where, 1X mean of sample group 1 (i.e., Treatment 1), 2X mean of sample group 2 (i.e., 
Treatment 2), 
2
1s  = variance of sample group 1, 
2
2s  = variance of sample group 2, 1n  = 
Sample size of group1 and 
2n  = Sample size of group 2. 
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In order to compare the effectiveness of two treatments, the difference between Pre-test and 
Post-test scores would be calculated and then the mean of these differences would be 
calculated separately for Group A and Group B. These mean of the differences for two Group 
(A and B) would be considered as the sample means of two groups (i.e., 21 XandX ) 
respectively. 
7.2. Dataset: 
The dataset includes 17 variables and 30 observations. The description of these variables are 
presented below:  
Table 1 
S. 
No. Variable Description Type 
1 Group A&B 
1 = Maitland Mobilization with Clinical Exercise 
(MMCE)   &   2 = Maitland Mobilization alone (MM) 
Nominal 
2 NPRS1 NPRS PRE Test Scale 
3 AR_FLEX1 Active ROM Flexion PRE Test Scale 
4 AR_EXT1 Active ROM Extension PRE Test Scale 
5 PR_FLEX1 Passive ROM Flexion PRE Test Scale 
6 PR_EXT1 Passive ROM Extension PRE Test Scale 
7 MUSCLE_POWR1 Muscle Power PRE Test Scale 
8 WOMAC_TOTAL1 WOMAC Total PRE Test Scale 
9 WOMAC_PRCENT1 WOMAC % PRE Test  [=(WOMACTotal1/ 96)*100] Scale 
10 NPRS2 NPRS POST Test Scale 
11 AR_FLEX2 Active ROM Flexion POST Test Scale 
12 AR_EXT2 Active ROM Extension POST Test Scale 
13 PR_FLEX2 Passive ROM Flexion POST Test Scale 
14 PR_EXT2 Passive ROM Extension POST Test Scale 
15 MUSCLE_POWER2 Muscle Power POST Test Scale 
16 WOMAC_TOTAL2 WOMAC Total POST Test Scale 
17 WOMAC_PERCENT2 WOMAC % POST Test  [=(WOMACTotal2 / 96)*100] Scale 
 
17 variables are quantitative variables measured on continuous scale (i.e., ratio scale 
variables).  
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7.3  Analysis: 
1. Descriptive Statistics for all Standard Measures by Treatments 
Table 2 
Descriptive Statistics 
 N Minimum Maximum Mean Std. Deviation 
NPRS(PRE) 30 5.00 10.00 7.7667 1.45468 
AR_FLEX(PRE) 30 70.00 118.00 95.4667 13.25540 
AR_EXT(PRE) 30 .00 16.00 7.7667 4.24819 
PR_FLEX(PRE) 30 77.00 120.00 97.6333 12.33577 
PR_EXT(PRE) 30 .00 15.00 7.0000 4.19359 
MUSCLE_POWER(PRE) 30 2.00 3.00 2.4333 .50401 
WOMAC_TOTAL(PRE) 30 52.00 96.00 71.4667 12.87000 
WOMAC_PERCENT(PRE) 30 54.17 100.00 74.4450 13.40560 
      
Descriptive Statistics 
 N Minimum Maximum Mean Std. Deviation 
NPRS(POST) 30 .00 4.00 2.0000 1.20344 
AR_FLEX(POST) 30 102.00 120.00 114.4333 6.01540 
AR_EXT(POST) 30 .00 6.00 1.6000 1.71404 
PR_FLEX(POST) 30 105.00 120.00 115.2333 5.23044 
PR_EXT(POST) 30 .00 5.00 1.3667 1.47352 
MUSCLE_POWER(POST) 30 2.00 5.00 3.5667 1.00630 
WOMAC_TOTAL(POST) 30 7.00 38.00 23.3000 7.39128 
WOMAC_PERCENT(POST) 30 7.29 39.58 24.2713 7.69974 
 
 
 
 
 
 
 
 
 
 
 25 
 
2. Descriptive Statistics for all Standard Measures by Treatments 
(Table 3) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Descriptive Statistics 
Treatment N Minimum Maximum Mean Std. 
Deviation 
Group 
A  
NPRS(PRE) 15 5.00 10.00 7.8000 1.47358 
AR_FLEX(PRE) 15 70.00 114.00 93.2000 12.74587 
AR_EXT(PRE) 15 .00 16.00 6.8667 4.71876 
PR_FLEX(PRE) 15 78.00 114.00 96.3333 11.28632 
PR_EXT(PRE) 15 .00 15.00 6.0667 4.75795 
MUSCLE_POWER(PRE) 15 2.00 3.00 2.4667 .51640 
WOMAC_TOTAL(PRE) 15 53.00 96.00 70.5333 13.61127 
WOMAC_PERCENT(PRE) 15 55.21 100.00 73.4720 14.17751 
Group 
B  
NPRS(PRE) 15 5.00 10.00 7.7333 1.48645 
AR_FLEX(PRE) 15 76.00 118.00 97.7333 13.80200 
AR_EXT(PRE) 15 .00 14.00 8.6667 3.65800 
PR_FLEX(PRE) 15 77.00 120.00 98.9333 13.57238 
PR_EXT(PRE) 15 .00 14.00 7.9333 3.45309 
MUSCLE_POWER(PRE) 15 2.00 3.00 2.4000 .50709 
WOMAC_TOTAL(PRE) 15 52.00 96.00 72.4000 12.48885 
WOMAC_PERCENT(PRE) 15 54.17 100.00 75.4180 13.00870 
      
Descriptive Statistics 
Treatment N Minimum Maximum Mean Std. 
Deviation 
Group 
A  
NPRS(POST) 15 .00 3.00 1.6667 1.11270 
AR_FLEX(POST) 15 102.00 120.00 113.0667 6.44168 
AR_EXT(POST) 15 .00 6.00 1.5333 1.84649 
PR_FLEX(POST) 15 105.00 120.00 114.0667 5.77515 
PR_EXT(POST) 15 .00 4.00 1.2000 1.37321 
MUSCLE_POWER(POST) 15 4.00 5.00 4.4000 .50709 
WOMAC_TOTAL(POST) 15 7.00 38.00 21.2000 8.35977 
WOMAC_PERCENT(POST) 15 7.29 39.58 22.0833 8.70846 
Group 
B 
NPRS(POST) 15 .00 4.00 2.3333 1.23443 
AR_FLEX(POST) 15 102.00 120.00 115.8000 5.42744 
AR_EXT(POST) 15 .00 5.00 1.6667 1.63299 
PR_FLEX(POST) 15 105.00 120.00 116.4000 4.51664 
PR_EXT(POST) 15 .00 5.00 1.5333 1.59762 
MUSCLE_POWER(POST) 15 2.00 4.00 2.7333 .59362 
WOMAC_TOTAL(POST) 15 12.00 35.00 25.4000 5.81623 
WOMAC_PERCENT(POST) 15 12.50 36.46 26.4593 6.05895 
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The frequency distribution tables shows that majority of the subjects involved in this study 
are female (60%) and only 40% are male, while majority of the subjects have the problem on 
their left side of the knee (53.3%) and the remaining subjects (46.7%) have such problem on 
their right side of the knee. The sample of 30 subjects have been randomized into two 
treatments in 1:1 ratio - that is, 50% of the subjects received Group A (Maitland Mobilization 
with Clinical Exercise or MMCE) and the remaining 50% received Group B (Maitland 
Mobilization alone or MM). The average age of this sample of subjects is 54.83 years with 
the standard deviation of 8.23 years.  
 
In addition, the descriptive statistics for age by treatment shows that the average age of the 
subjects who treated by MMCE is 55.60 years with the standard deviation of 8.63 and the 
average age of the subjects who treated by MM is 54.07 years with the standard deviation of 
8.03. Similarly, the descriptive statistics for all the standard measures (before and after 
treatment) have been calculated for the whole sample and also separately for each treatment 
group and the corresponding outputs are shown in Table 2 and Table 3.   
 
 
7.4. Testing the changes (from PRE to POST test) in all standard measures due to 
Group A (MMCE) and Group B (MM) 
7.4.1 Testing the mean difference (from PRE to POST test) in all standard measures due 
to Group A (MMCE)  
Hypotheses: 
H0: There is no significant mean difference (from PRE to POST test) in all standard measures 
due to Group A (MMCE)  
H1: There is significant mean difference (from PRE to POST test) in all standard measures 
due to Group A (MMCE) 
Let the level of significance be α = 0.05 
 
Test to be applied: Paired Samples t-test  
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The output of this test is presented below: 
 
Table 4  
Pre and Post Test  Mean and  SD  for Testing all standard measures (i.e., NPRS, ROM, 
MUSCLE POWER and WOMAC scores) due to Group A (MMCE)   
 
 
Paired Samples Statistics  
Treatment Mean N Std. Deviation 
Group A 
Pair 1 
NPRS(PRE) 7.8000 15 1.47358 
NPRS(POST) 1.6667 15 1.11270 
Pair 2 
AR_FLEX(POST) 113.0667 15 6.44168 
AR_FLEX(PRE) 93.2000 15 12.74587 
Pair 3 
AR_EXT(PRE) 6.8667 15 4.71876 
AR_EXT(POST) 1.5333 15 1.84649 
Pair 4 
PR_FLEX(POST) 114.0667 15 5.77515 
PR_FLEX(PRE) 96.3333 15 11.28632 
Pair 5 
PR_EXT(PRE) 6.0667 15 4.75795 
PR_EXT(POST) 1.2000 15 1.37321 
Pair 6 
MUSCLE_POWER(POST) 4.4000 15 .50709 
MUSCLE_POWER(PRE) 2.4667 15 .51640 
Pair 7 
WOMAC_PERCENT(PRE) 73.4720 15 14.17751 
WOMAC_PERCENT(POST) 22.0833 15 8.70846 
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Table 5 
Pre and Post Test Comparison of  Mean, SD and MD for Testing the  mean reduction in 
all standard measures (i.e., NPRS, ROM, MUSCLE POWER and WOMAC scores) due 
to Group A (MMCE)   
 
 
 
Treatment 
 Paired sample test 
Mean Std. 
Deviation 
Group 
A  
Pair 
1 
NPRS(PRE)  - 
NPRS(POST) 
6.13333 .99043 
Pair 
2 
AR_FLEX(POST) - 
AR_FLEX(PRE) 
19.86667 8.83877 
Pair 
3 
AR_EXT(PRE)  - 
AR_EXT(POST) 
5.33333 3.49830 
Pair 
4 
PR_FLEX(POST) - 
PR_FLEX(PRE) 
17.73333 7.43992 
Pair 
5 
PR_EXT(PRE)  - 
PR_EXT(POST) 
4.86667 3.99762 
Pair 
6 
MUSCLE_PWR(POST) - 
MUSCLE_PWR(PRE) 
1.93333 .70373 
Pair 
7 
WOMAC_%(PRE) - 
WOMAC_%(POST) 
51.38867 7.01682 
 
From the above output, we conclude that 
 There is significant mean difference in NPRS scores due to Group A "MMCE" (t(14) 
= 23.984, p-value = 0.000 < 0.05). The mean difference in NPRS scores due to this 
treatment is 6.13 with the standard deviation of 0.99. From this result, we conclude 
that there is significant mean reduction in NPRS scores due to Group A "MMCE".  
 
 There is significant mean difference in Active ROM Flexion scores due to Group A 
"MMCE" (t(14) = 8.705, p-value = 0.000 < 0.05). The mean difference in Active 
ROM Flexion scores due to this treatment is 19.87 with the standard deviation of 
8.84. From this result, we conclude that there is significant mean increase in Active 
ROM Flexion scores due to Group A "MMCE".  
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 There is significant mean difference in Active ROM Extension scores due to Group 
A"MMCE" (t(14) = 5.905, p-value = 0.000 < 0.05). The mean difference in Active 
ROM Extension scores due to this treatment is 5.33 with the standard deviation of 
3.49. From this result, we conclude that there is significant mean reduction, so there 
will be increase in Active ROM Extension scores due to Group A "MMCE".  
 
 There is significant mean difference in Passive ROM Flexion scores due to Group A 
"MMCE" (t(14) = 9.231, p-value = 0.000 < 0.05). The mean difference in Passive 
ROM Flexion scores due to this treatment is 17.73 with the standard deviation of 
7.44. From this result, we conclude that there is significant mean increase in Passive 
ROM Flexion scores due to Group A "MMCE".  
 
 There is significant mean difference in Passive ROM Extension scores due to Group 
A "MMCE" (t(14) = 4.715, p-value = 0.000 < 0.05). The mean difference in Passive 
ROM Extension scores due to this treatment is 4.87 with the standard deviation of 
3.998. From this result, we conclude that there is significant mean reduction, so 
there will be increase in Passive ROM Extension scores due to Group A "MMCE".  
 
 There is significant mean difference in Muscle Power scores due to Group A 
"MMCE" (t(14) = 10.640, p-value = 0.000 < 0.05). The mean difference in Muscle 
Power scores due to this treatment is 1.93 with the standard deviation of 0.704. From 
this result, we conclude that there is significant mean increase in Muscle Power due 
to Group A "MMCE".  
 
 
 There is significant mean difference in WOMAC percent due to Group A "MMCE" 
(t(14) = 28.364, p-value = 0.000 < 0.05). The mean difference in WOMAC percent 
due to this treatment is 51.39 with the standard deviation of 7.02. From this result, we 
conclude that there is significant mean reduction in WOMAC rate due to Group A 
"MMCE". 
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4.2 Testing the mean difference (from PRE to POST test) in all standard measures due 
to Group B (MM)  
Hypotheses: 
H0: There is no significant mean difference (from PRE to POST test) in all standard measures 
due to Group B (MM)  
H1: There is significant mean difference (from PRE to POST test) in all standard measures 
due to Group B (MM) 
Let the level of significance be α = 0.05 
Test to be applied: Paired Samples t-test 
The output of this test is presented below:  
Table 6 
Pre and Post Test  Mean and  SD  for Testing all standard measures (i.e., NPRS, ROM, 
MUSCLE POWER and WOMAC scores) due to Group B (MM)   
Paired Samples Statistics 
Treatment Mean N Std. Deviation 
Group B 
Pair 1 
NPRS(PRE) 7.7333 15 1.48645 
NPRS(POST) 2.3333 15 1.23443 
Pair 2 
AR_FLEX(POST) 115.8000 15 5.42744 
AR_FLEX(PRE) 97.7333 15 13.80200 
Pair 3 
AR_EXT(PRE) 8.6667 15 3.65800 
AR_EXT(POST) 1.6667 15 1.63299 
Pair 4 
PR_FLEX(POST) 116.4000 15 4.51664 
PR_FLEX(PRE) 98.9333 15 13.57238 
Pair 5 
PR_EXT(PRE) 7.9333 15 3.45309 
PR_EXT(POST) 1.5333 15 1.59762 
Pair 6 
MUSCLE_POWER(POST) 2.7333 15 .59362 
MUSCLE_POWER(PRE) 2.4000 15 .50709 
Pair 7 
WOMAC_%(PRE) 75.4180 15 13.00870 
WOMAC_%(POST) 26.4593 15 6.05895 
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Table 7 
Pre and Post Test Comparison of  Mean, SD and MD for Testing the  mean reduction in 
all standard measures (i.e., NPRS, ROM, MUSCLE POWER and WOMAC scores) due 
to Group B (MM)   
Treatment Paired sample test 
Mean Std. Deviation   t dt 
Group 
B 
Pair 
1 
NPRS(PRE)  - NPRS(POST) 5.40000 .63246 33.068 14 
Pair 
2 
AR_FLEX(POST) - 
AR_FLEX(PRE) 
18.06667 10.37488 6.744 14 
Pair 
3 
AR_EXT(PRE)  - 
AR_EXT(POST) 
7.00000 2.87849 9.418 14 
Pair 
4 
PR_FLEX(POST) - 
PR_FLEX(PRE) 
17.46667 10.85533 6.232 14 
Pair 
5 
PR_EXT(PRE)  - 
PR_EXT(POST) 
6.40000 2.72029 9.112 14 
Pair 
6 
MUSCLE_POWR(POST) - 
MUSCLE_POWR(PRE) 
.33333 .48795 2.646 14 
Pair 
7 
WOMAC_%(PRE)  - 
WOMAC_%(POST) 
48.95867 11.86329 15.983 14 
 
From the above output, we conclude that 
 
 There is significant mean difference in NPRS scores due to Group B "MM" (t(14) = 
33.068, p-value = 0.000 < 0.05). The mean difference in NPRS scores due to this 
treatment is 5.40 with the standard deviation of 0.632. From this result, we conclude 
that there is significant mean reduction in NPRS scores due to Group B "MM".  
 
 There is significant mean difference in Active ROM Flexion scores due to Group B 
"MM" (t(14) = 6.744, p-value = 0.000 < 0.05). The mean difference in Active ROM 
Flexion scores due to this treatment is 18.07 with the standard deviation of 10.37. 
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From this result, we conclude that there is significant mean increase in Active ROM 
Flexion scores due to Group B "MM".  
 
 There is significant mean difference in Active ROM Extension scores due to Group 
B "MM" (t(14) = 9.418, p-value = 0.000 < 0.05). The mean difference in Active ROM 
Extension scores due to this treatment is 7.0 with the standard deviation of 2.88. From 
this result, we conclude that there is significant mean reduction, so there will be 
increase in Active ROM Extension scores due to Group B "MM".  
 
  There is significant mean difference in Passive ROM Flexionscores due to Group B 
"MM" (t(14) = 6.232, p-value = 0.000 < 0.05). The mean difference in Passive ROM 
Flexion scores due to this treatment is 17.47 with the standard deviation of 10.86. 
From this result, we conclude that there is significant mean increase in Passive ROM 
Flexion scores due to Group B "MM".  
 
 There is significant mean difference in Passive ROM Extension scores due to Group 
B "MM" (t(14) = 9.112, p-value = 0.000 < 0.05). The mean difference in Passive 
ROM Extension scores due to this treatment is 6.40 with the standard deviation of 
2.72. From this result, we conclude that there is significant mean reduction, so there 
will be increase in Passive ROM Extension scores due to Group B "MM".  
 There is significant mean difference in Muscle Power scores due to Group B "MM" 
(t(14) = 2.646, p-value = 0.019 < 0.05). The mean difference in Muscle Power scores 
due to this treatment is 0.33 with the standard deviation of 0.49. From this result, we 
conclude that there is significant mean increase in Muscle Power due to Group B 
"MM".  
 
 
 There is significant mean difference in WOMAC percent due to Group B "MM" 
(t(14) = 15.983, p-value = 0.000 < 0.05). The mean difference in WOMAC percent 
due to this treatment is 48.96 with the standard deviation of 11.86. From this result, 
we conclude that there is significant mean reduction in WOMAC rate due to Group 
B "MM". 
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5 . Comparison of Group A (MMCE) with Group B (MM) in terms of mean change 
(from Pre to Post test) in all standard measures (TABLE 8) 
Hypotheses: 
H0: There is no significant difference between two treatments (MMCE and MM) in terms of 
mean change (from Pre to Post test) in all standard measures  
H1: There is significant difference between two treatments (MMCE and MM) in terms of 
mean change (from Pre to Post test) in all standard measures  
 
Let the level of significance be α = 0.05 
 
Test to be applied: Independent Samples t-test 
The output of this test is presented below:  
 
Comparison Between Group A (MMCE) with Group B (MM) in terms of mean change 
(from Pre to Post test) in all standard measures  
Table 8 
                                         Group statistics 
 
Treatment N Mean Std. 
Deviation 
NPRS(PRE) - NPRS(POST) 
MMCE 15 6.1333 .99043 
MM 15 5.4000 .63246 
AR_FLEX(POST) - AR_FLEX(PRE) 
MMCE 15 19.8667 8.83877 
MM 15 18.0667 10.37488 
AR_EXT (PRE) - AR_EXT(POST) 
MMCE 15 5.3333 3.49830 
MM 15 7.0000 2.87849 
PR_FLEX(POST) - PR_FLEX(PRE) 
MMCE 15 17.7333 7.43992 
MM 15 17.4667 10.85533 
PR_EXT(PRE)  - PR_EXT(POST) 
MMCE 15 4.8667 3.99762 
MM 15 6.4000 2.72029 
Muscle Power(POST) – Muscle Power(PRE) 
MMCE 15 1.9333 .70373 
MM 15 .3333 .48795 
WOMAC%(PRE)  - WOMAC%(POST) 
MMCE 15 51.3887 7.01682 
MM 15 48.9587 11.86329 
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Table 9 Levene's Test 
for Equality 
of Variances 
          t-test for equality of means 
F Sig. T Df Sig. 
(2-
tailed) 
Mean 
Difference 
NPRS(PRE) – 
NPRS(POST) 
Equal 
variances 
assumed 
.899 .351 2.417 28 .022 .73333 
Equal 
variances 
not 
assumed 
  
2.417 23.790 .024 .73333 
AR_FLEX(POST) - 
AR_FLEX(PRE) 
Equal 
variances 
assumed 
1.015 .322 .511 28 .613 1.80000 
Equal 
variances 
not 
assumed 
  
.511 27.311 .613 1.80000 
AR_EXT(PRE)  - 
AR_EXT(POST) 
Equal 
variances 
assumed 
.184 .671 -1.425 28 .165 -1.66667 
Equal 
variances 
not 
assumed 
  
-1.425 26.999 .166 -1.66667 
PR_FLEX(POST) - 
PR_FLEX(PRE) 
Equal 
variances 
assumed 
3.200 .084 .078 28 .938 .26667 
Equal 
variances 
not 
assumed 
  
.078 24.775 .938 .26667 
PR_EXT(PRE)  - 
PR_EXT(POST) 
Equal 
variances 
assumed 
1.498 .231 -1.228 28 .230 -1.53333 
Equal 
variances 
not 
assumed 
  
-1.228 24.676 .231 -1.53333 
Muscle 
Power(POST) – 
Muscle Power(PRE) 
Equal 
variances 
assumed 
.167 .686 7.236 28 .000 1.60000 
Equal 
variances 
not 
assumed 
  
7.236 24.934 .000 1.60000 
WOMAC%(PRE)  - 
WOMAC%(POST) 
Equal 
variances 
assumed 
.881 .356 .683 28 .500 2.43000 
Equal 
variances 
not 
assumed 
  
.683 22.727 .502 2.43000 
 
From the above output, we have  
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Result that shows significant difference: 
 There is significant difference between two treatments (MMCE and MM) ( Table 9 ) 
in terms of mean reduction in NPRS scores (t(28) = 2.417, p = 0.022 < 0.05). Going 
by the mean values, we conclude that the mean reduction in NPRS scores due to the 
treatment MMCE (M = 6.133 & SD = 0.99) is greater than that of the treatment MC 
(M = 5.40 & SD = 0.63) ( Table 8 ). 
 
 
Graph 1 
 
 There is significant difference between two treatments (MMCE and MM) ( Table 9 ) 
in terms of mean increase in Muscle Power (t(28) = 7.236, p = 0.000 < 0.05). Going 
by the mean values, we conclude that the mean reduction in Muscle Power due to the 
treatment MMCE (M = 1.93 & SD = 0.70) is greater than that of the treatment MC (M 
= 0.33 & SD = 0.49) ( Table 8 ). 
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Graph 2  
 
Result that shows insignificant difference: 
 The difference between two treatments (MMCE and MM) ( Table 9 ) in terms of 
mean increase in Active ROM Flexion scores is insignificant (t(28) = 0.511, p = 
0.613 > 0.05).  
 
Graph 3  
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 The difference between two treatments (MMCE and MM) ( Table 9 ) in terms of 
mean reduction in Active ROM Extension scores is insignificant (t(28) = –1.425, p 
= 0.165 > 0.05) . 
 
Graph 4 
 
 The difference between two treatments (MMCE and MM) ( Table 9 ) in terms of 
mean increase in Passive ROM Flexion scores is insignificant (t(28) = 0.078, p = 
0.938 > 0.05). 
 
 
Graph 5 
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 The difference between two treatments (MMCE and MM) ( Table 9 ) in terms of 
mean reduction in Passive ROM Extension scores is insignificant (t(28) =1.228,p = 
0.230 > 0.05) . 
 
Graph 6 
 
 The difference between two treatments (MMCE and MM) ( Table 9 ) in terms of 
mean reduction in WOMAC% scores is insignificant (t(28) = 0.683 p = 0.500 > 
0.05). 
 
 
Graph 7 
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8. DISCUSSION: 
 
The present study intended to compare the effectiveness of  Maitland mobilization with 
clinical exercise versus  Maitland mobilization alone in patients with severe tibio femoral 
Osteoarthritis in reducing pain, improving ROM, muscle power  and functional status. 
The sample of 30 subjects have been randomized into two groups in 1:1 ratio that is 50% of 
subjects received  Maitland mobilization with clinical exercise and the remaining 50% of 
subjects received Maitland mobilization alone. Participants received treatment 12 sessions of 
treatment for 4 weeks duration.  
In Group A, received Maitland mobilization with clinical exercise shows effectiveness on 
pain Based on statistical analysis using Paired sample t test results, NPRS[p-value = 0.000 
< 0.05, mean = 6.13 & SD= 0.99], This may be due to activation of central and peripheral 
pain inhibitory system and chemical changes in peripheral nociceptors and also altering the 
neuro physiological mechanism and kinesiological mechanism either alone or in 
combination. 
Similar findings on greater symptomatic relief of pain in combination with manual therapy 
and supervised exercise previously reported by Deyle et al 2005 
(36)
and exercise also 
effective in reducing pain stated by Greshman Fisher et al
(59)
. 
In this study comparing the pre and post test score in Group A for Muscle power of 
quadriceps [p-value = 0.000 < 0.05, mean = 1.93, SD = 0.704], shows more effective in 
improving muscle power, Osteoarthritis include joint damage causes pain and restricted 
mobility, resulting in muscle weakness so in this Group clinical exercise includes 
strengthening program improves the muscle power. Some of the studies also used 
strengthening exercise to improve muscle power and they proved that muscle power is 
increased Neil et al 2010 and Hurler & Scott et al 1998 studies also shows that progressive 
strengthening exercise improve quadriceps strength
 (41) 
Comparing results of pre and post test in Group A shows significant improvement mean 
difference in Active ROM Flexion [p-value = 0.000 < 0.05, mean = 19.87 & SD = 8.84], In 
this study clinical exercise including closed kinematic chain is used, previous study done by 
Ettinger W H Jr showed improvement in physical activity using closed kinematic chain 
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exercise in improving active ROM and also improve muscle power. This statement supports 
our study in increasing active ROM flexion which shows there is improvement in flexor 
group muscle
 (58) 
In this study comparing the pre and post test score in Group A shows significant 
improvement mean difference in Active ROM Extension[p-value = 0.000 < 0.05, mean = 
5.53, SD = 3.49],manual therapy and clinical exercise decreases pain and increased in muscle 
power results in increase in active Range Of Motion extension. Thus this study supports the 
view of Halim Yilmaz et al 2013 shows that exercise program includes quadriceps and 
hamstring muscle work improves ROM and physical function and another research Penninx 
B W et all 2002 showed that aerobic exercise program, resistance exercise program improve 
ADL which could be due to increased range of motion.
 (68)
 
When comparing the pre and post test score Passive ROM flexion[p-value = 0.000 < 0.05, 
mean = 17.73, SD = 7.44]shows significant improvement in mean difference, one of the 
study done by Samson et al shows that Maitland mobilization and Therab and exercise 
improves the knee joint range of motion particularly in passive ROM flexion and passive 
ROM extension. 
In this study comparing the pre and post test score shows significant improvement mean 
difference in Passive ROM Extension[p-value = 0.000 < 0.05, Mean = 4.87, SD = 3.998]. 
Some of the studies show significant increase ROM (p=0.000) by using knee joint 
mobilization in Fish, Denham et al 2008
(56)
. 
In Group A WOMAC %[p-value = 0.000 < 0.05, mean = 51.39, SD =7.02], It also shows 
that Maitland mobilization with clinical exercise is effective in improving functional 
activities. One of the study done by Gail D Deyle et al 2005 shows that physical therapy and 
supervised clinical exercise group obtained successful outcome as measured by significant 
reduction in WOMAC score
 (36)
 and another study done by Petrella, Bartha et al 2005 using 
strengthening exercise program improved the WOMAC score
(57)
. 
Thus this study supports the view of Ottowa Panel Evidence-Based Clinical Practice 
Guidelines for Therapeutic Exercises and Manual Therapy in the management of 
Osteoarthritis recommends the use of therapeutic exercise. It concluded that therapeutic 
exercise is beneficial for reducing pain, improving muscle strength, ROM & improving 
quality of life
(43) 
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In group B, received Maitland mobilization alone shows effectiveness on pain. Based on 
statistical analysis using Paired sample t test results, NPRS[p-value = 0.000 < 0.05, mean = 
5.40& SD= 0.632], some of the studies shows that Manipulation included analgesic effects 
has been demonstrated in a number of studies in human subjects by Vernon et al 1990, 
vicenzino et al 1996 and Skyba et al 2003 study show that analgesic effect following knee 
joint mobilization was primarily due to enhancement of the descending pain inhibitory 
pathway in the spinal cord which utilize serotonergic c5 –HTA and noradrenergic receptor 
(Alpha)
(34)
.Wright et al (2004) Suggests that gentle repetitive movements of the joint 
provides hypoalgesia effects. These causes reflect changes in local cellular changes
(35)
. 
In Group B comparing the pre and post test score shows significant improvement in mean 
difference on Muscle power,[p-value = 0.019 < 0.05, mean = 0.33, SD = 0.49],due to 
decrease in NPRS results in increase in muscle power, through increasing the physical 
function, Thus this study supports manual therapy improves the physical function done by J 
Haxby Abbott et al 2009
(37)
. 
In Group B Active ROM Flexion [p-value = 0.000 < 0.05, mean = 18.07 & SD = 10.37], 
Maitland mobilization induced hypoalgesia is effective in reducing pain by Penny Moss et al 
2004 this could leads to increase the physical activities result indirectly increase in active 
ROM flexion
(29)
 and another study shows standard deviation of active flexion is 7.22 to 4.90 
progressed in active flexion by using Maitland Mobilization with TENS by Samson et al. 
When comparing the pre and post test score in Group B shows significantly improvement in 
mean difference on Active ROM Extension[p-value = 0.000 < 0.05, mean = 7.0, SD = 2.88], 
as such we discussed above there will be increase in muscle power of quadriceps which is 
having main role in extension of knee joint it can increase the active ROM extension and 
Samson et al showed standard deviation 4.54 to 2.46 progressed the active ROM extension 
by using Maitland mobilization. 
In this Group B  comparing the pre and post test score shows significant improvement in 
mean difference on Passive ROM Flexion[p-value = 0.000 < 0.05, mean = 17.47, SD = 
10.86] shows improved in significant mean difference, this could be due to active ROM 
shows improvement this results in increase in passive ROM. This study supports that 
Samson et al showed that increase in the passive ROM flexion by using Maitland 
mobilization with TENS and this study also supports the Sara Maher et al 2010 shows 
improvement on passive ROM flexion followed by tibiofemoral mobilization
(28)
. 
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When comparing the pre and post test score shows significant improvement in mean 
difference on Passive ROM Extension[p-value = 0.000 < 0.05, Mean = 6.40, SD = 
2.72]some of the studies showed significant improvement in passive ROM extension by 
Samson et al by using Maitland mobilization.  
WOMAC %[p-value = 0.000 < 0.05, mean = 48.96, SD =11.86].Maitland mobilization is 
effective in reducing pain through hypoalgesic effect and it can results in improvement of 
physical function by Penny Moss et al 2006 and Samson et al
(29)
. 
It shows that Maitland mobilization alone also effective in reducing pain, increase in ROM 
and improving functional activities. 
On comparison of both groups i.e group A & B, the intergroup comparison using 
Independent sample t test results, NPRS[p = 0.022 < 0.05,Group A (M = 6.133 & SD = 
0.99) is greater than that of Group B (M = 5.40 & SD = 0.63)],Pollard H, Chiro GD et al 
have studied on the effect of a manual therapy knee protocol on osteoarthritis knee pain, they 
investigated that, a short term manual therapy knee protocol significantly reduced pain 
(55) 
and also Tucker M, Brantingham J et al 2003 have shown that manual therapy has 
significant improvement in NRS, VAS. Nor Azlin M N et al proved that joint mobilization 
decrease pain and other studies shows that combination of manual therapy
(26)
 and supervised 
clinical exercise is having more effect on reducing pain than that of Maitland mobilization 
alone [Gail Deyle et al] 
(31) 
Comparing Group A and Group B on Muscle power[p = 0.000 < 0.05],Group A (M = 1.93 & 
SD = 0.70) is greater than that of the treatment Group B (M = 0.33 & SD = 0.49). It shows 
that there significant reduction in pain and improvement in muscle power in group A than 
group B. It is due to group A include Clinical Exercise consists of strengthening program and 
some of the study shows that mobilization indirectly increase muscle power, Moss et al 2003 
studied that AP mobilization of tibia on femur shows significant decrease on pain and 
increases physical function
(29)
. 
By comparing the both Group we concluded that Group A and Group B is both having equal 
effects on Active ROM Flexion[p=0.613>0.05], Active ROM Extension[p=0.165>0.05], 
Passive ROM Flexion[p=0.938>0.05], Passive ROM Extension[p=0.452>0.05], WOMAC 
%[p=0.500>0.05], this is may be due to less repetition of exercise and also may be due to 
short duration of study. In future study we can make long duration of study on Maitland 
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mobilization and clinical exercise by altering the repetition of exercise, to analyze the effects 
on active ROM and passive ROM of knee in tibiofemoral osteoarthritis. 
Despite limitation of review, it suggest that additional exercise may have significantly better 
effect compared to Maitland Mobilization alone in terms of pain relief and improve muscle 
power. 
Since on comparison, on the whole it shows that Maitland mobilization with clinical exercise 
is significantly effective in reducing pain, improving ROM, Muscle power and functional 
activities than Maitland mobilization alone. 
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9.   LIMITATION & RECOMMENDATION: 
      
LIMITATION 
 Sample size is small 
 No control group  
 Short duration of the study and no long term follow up of patients 
 
RECOMMENDATIONS: 
 
 A Large sample size can be taken 
 Study can be done with comparing other modalities and also using control group. 
 Longer study duration and follow up can be done to assess long term benefits 
 Difference between male and female can be studied/dominant & non dominant side 
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10. CONCLUSION : 
 
 Going by the results of the analysis, we see that there is significant mean difference in 
all standard measures due to both the treatments "Maitland Mobilization with Clinical 
Exercise (MMCE)" and "Maitland Mobilization alone (MM)". This results clearly indicates 
that both the treatments are effective in reducing pain, improving ROM, muscle power and 
functional activities. However, by comparing (i.e., testing) the effectiveness of each treatment 
with respect to all standard measures, we see that the treatment "Maitland Mobilization with 
Clinical Exercise" is more effective than "Maitland Mobilization" in terms of reducing NPRS 
and increasing Muscle Power. But both the treatments are appearing to be equally effective 
in terms of the remaining 8 standard measures (Active ROM Flexion, Active ROM 
Extension, Passive ROM Flexion, Passive ROM Extension, and WOMAC%).  
 
 On the whole, we conclude that the treatment "Maitland Mobilization with Clinical 
Exercise" is little more effective than the treatment "Maitland Mobilization alone" in certain 
standard measures such as NPRS and Muscle Power.  
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 12.  ANNEXURE  : 
12.1  PATIENTS CONSENT FORM : 
Informed Consent for Participants in Research study Involving 
Human Subjects 
Title of Research:  To Study the Effectiveness Of Maitland Mobilization and 
Clinical Exercise Vs Maitland Mobilization Alone In Chronic Tibiofemoral 
Arthritis 
 
Investigator: Saravanan. T.R 
Purpose of This Research: You are invited to participate in a study on the comparison of 
effectiveness of  Maitland Mobilization and Clinical Exercise Vs Maitland Mobilization Alone In 
Chronic Tibiofemoral Arthritis. From the information collected and studied in this study we hope 
to learn more about the effectiveness of Maitland Mobilization and Clinical Exercise Vs Maitland 
Mobilization Alone In Chronic Tibiofemoral Arthritis. 
Procedures: With your permission we would like to collect health information about you, 
including information about your general health and then we will evaluate your foot.  
Only researchers will have access to the final data, and you can refuse to be part of the study. You 
can also stop at any point during the study. Your results will never be shared with anyone other 
than the researchers.  
Benefits: You may receive direct benefit from this study. We cannot guarantee that you will 
receive any benefits from this study.  
Extent of Anonymity and Confidentiality:  
At no time will the researchers release the results of this study to anyone other than individuals 
working on this study without your written consent.  
It is possible that the Institutional Review Board (IRB) may view this study’s collected data for 
auditing purposes. The IRB is responsible for the oversight of the protection of human subject’s 
involved in research.  
Compensation: You will not be paid to participate in this study.  
Freedom to Withdraw: Your decision whether or not to participate in this study will not affect 
medical care. If you read this form and have decided to participate in this study, please understand 
 your participation is voluntary and you have the right to withdraw your consent or discontinue 
your participation at any time without penalty. Your identity will not be disclosed in any 
published and written material resulting from the study.  
Subject’s Responsibilities:  
I voluntarily agree to participate in this study. I have the following responsibilities: 
 Report to my test sessions on time.  
 Report to each test session as scheduled.  
 Complete the testing as described to me to by the investigator the best of my ability.  
 Be honest about my pain scale to the investigators at the time of testing.  
 To be honest about my medical history.  
Subject’s Permission:  
I have read the Consent Form and the conditions of this study. I have had all my questions 
answered. I hereby acknowledge the above and give my voluntary consent.  
_______________________________________________ Date__________  
Subject signature  
Should I have any pertinent questions about this research or its conduct, and research subjects’ 
rights, and whom to contact in the event of a research related injury to the subject, I may contact:  
Investigators:  
Mr. T.R. SARAVANAN                trstrs77@gmail.com 
Guide : 
Mr. Prabhakar. S   jayacpt202@gmail.com 
Co- Guide : 
Mr. V.S. Saravanan   sharavananphysio@gmail.com 
IRB Chairman : 
Mr. V. Balchandar   jayacpt202@gmail.com 
 
 
 
  
12.2   PT  EVALUATION  FOR  TIBIOFEMORAL ARTHRITIS:- 
DEMOGRAPHIC DATA : 
 Name    : 
 Age    : 
 Sex    : 
 Occupation   : 
 Address   : 
 Ph.No   : 
 Side Affected  : 
CHIEF COMPLAINTS : 
 
HISTORY : 
Past medical history : 
 History of any diseases like diabetes and hypertension : Yes / No 
 History of any previous dislocation / fracture in Knee   : Yes / No 
 History of any previous injury in knee   : Yes / No 
 History of any degenerative joint diseases   : Yes / No 
 History of any previous surgery    : Yes / No 
 History of any treatment taken previously   : Yes / No 
 History of any medications taken previously    : Yes / No 
Present medical history : 
 Duration of present problem    : 
 Any present medical / surgical / PT treatment  : 
 Any improvement following the treatment   : Yes / No 
 Any advice given by the physician    : 
Personal history : 
 Smoking       :  Yes / No  
 Alcohol      : Yes / No 
 Tobacco chewing     : Yes / No 
 Personality type     :  
 Family history     : 
Occupational history : 
 Type of work       : 
 Duration of work      : 
 Working atmosphere     : 
Social history : 
 Role of members in family     : 
 Economic status of family     : 
  
 
OBJECTIVE ASSESSMENT: 
ON OBSERVATION : 
Built of the patient   : Ectomorph / Mesomorph / Endomorph  
 Attitude of the limb    : 
 Any marked swelling in and around knee joint : Yes / No 
 Any muscle spasm in and around knee joint  : Yes / No                                        
 Any marked bony deformity   : Yes / No 
 Any marked bony prominence   : Yes / No 
 Any marked redness    : Yes / No 
 Any marked bony angulation   : Yes / No 
 Any trophic changes in skin and nail  : Yes / No 
Any open wounds                                                          :              Yes / No 
 Any surgical scar     : Yes / No 
 Using any of assistive devices   : Yes / No 
 
ON PALPATION: 
 Warmth over the knee joint                                           : Present / Absent 
Tenderness during movement of knee joint  : Present / Absent 
 Swelling in and around knee joint   : Present / Absent 
 Muscle spasm in and around knee joint            : Present / Absent 
 Any abnormal bony margins                          : Present / Absent 
 odema                                                :  Pitting  / Non pitting 
ON EXAMINATION : 
Pain evaluation : 
 Site of pain      :             Around knee joint  
 Side of pain     :             Right / Left side 
 Duration of pain                      : Acute / Chronic 
 Onset of pain                       :             Sudden onset / Gradual onset 
 Nature of pain                      : Constant / Intermittent 
 Aggravating factors     :   Standing / walking / stair climbing  /  
squatting /  during ADL activities 
 Relieving factor     :             Rest / Medication / physiotherapy 
 Radiating pain     : Present  / Absent 
 NPRS: 
 
Reflex evaluation : 
0= no response 
1=Trace/decrease response 
2=Normal 
3=Exaggerated/ brisk 
4= Sustained 
 
REFLEX NERVE ROOT GRADE 
Knee Jerk   
 
RANGE OF MOTION EXAMINATION: 
 
 
MUSCLE POWER: 
MRC GRADING 
Muscle 
name 
Pre test Post test 
 Right Left Right Left 
Quadriceps 
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 
                        
 
JOINT 
NAME 
MOVEM
ENT 
PRE TEST POST TEST 
ACTIVE ROM PASSIVE ROM ACTIVE ROM PASSIVE ROM 
RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT 
KNEE FLEXION         
 SENSORY EXAMINATION: 
Superficial sensation       : Present / Absent 
Light touch       : Present / Absent                                                                             
Pain                                                                                        : Present / Absent 
Hot/Cold temperature                                                             : Present / Absent 
Deep sensation                                                                      : Present / Absent 
Vibratory sense                                                                     : Present / Absent 
Kinaesthetic sensation                                                             : Present / Absent 
GAIT EXAMINATION: 
Heel strike      : 
Foot flat       : 
Cadence      : 
Step length      : 
Stride length      : 
 
GAIT TYPE: 
Trendelenburg gait     : Yes / No 
Lordotic gait       : Yes / No 
Antalgic gait      : Yes / No 
Lurchman gait       : Yes / No 
 
SPECIAL TEST: 
PATELLA GRIND TEST                                                           : Positive / Negative 
ABDUCTION STRESS TEST                                                  :  Positive / Negative 
ANTERIOR DRAWER TEST                                                    : Positive / Negative 
LACHMAN’S TEST                                                                   : Positive / Negative 
INVESTIGATION: 
      X-RAY: 
  
 
 
     MRI / CT SCAN: 
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